It was found experimentally that the performance of a pin-discharge and/or outgasclng rate of less than 0.1 micron per minute. During operation, helium was admitted steadily to the top of the diode chamber and pumped from a port below the anode screen. A small helium flow rate (about 25 microns per minute) was used to assure that impurities would be negligible compared to the helium concentration.
It was found that a conditioning process was required to eliminate glow to arc transition during pulsed operation at high voltage.
Starting at low pressure (less than 50 p of helium), the voltage and pressure were gradually raided until a glow discharge could be obtained reliably without arcing. Sever?.! hundred pulses were required to eliminate glow to arc transitiou at high voltage. Once conditioned, the plasma diode ran in the glow discharge mode with excellent repeatability in its operating characteristics. The laser lines observed in various gas mixtures are shown in Table I . Only P-branch lines we-e seen. The times given in Table I are referred to the start of the electrical discharge pulse in the laser gas and represent the time of onset and the time of termination of laser emission for a single set of operating conditions in each gas mixture.
In Table I it is seen that laser emission often occurs simultaneously on more than one rotational line of a particular vibration band. This indicates a partial lack of rotational equilibration, although the continuing shift from lower to higher J values throughout the pulse duration indicates a tendency tjward rotational equilibration with the rising gas temperature. This effect is similar to that observed in pulsed HF chemical lasers by Suchard (Ref. 3) . It is also seen in Table I Higher HF concentrations than 0.5 percent led to little or no laser emission because of the rapid V-R,T decay rate of HF. 
The maxiimm laser output obtained using argon plus 10% H with HF ( Fig. 7(a) ) was substantially higher than the maximum obtained using argon plus 10 percent D 2 with HF ( Fig. 7(b) ). This is taken as strong evidence for vibi^tlonal transfer from H 2 to HF. Probe laser measurements of the decay rate of the HF .brational levels are needed to establish the H 2 V-V pumping mechanism and kinetics. Table I . Quite surprisingly, a 1-0 Una was observed, which indicates a nigh vibrational temperature aaong the lowest vibrational states of HF. In Figure 8 the inversion necessary to achieve gain en 1-0 P(9) rather than P(8) or P(10) is shown at various temperatures.
Assuming only slight heating by the discharge, N^ must be approximately 0.2 ti 0.25 for the gain to exceed cavity losses.
Gas nixtures were typically 90/10 Ar/N 2 with 0.2 -0.5 percent HF producing optimum output at an E/N of 0.5 x 10~1 6 V-cm 2 and discharge currents of 10 A/cm 2 . In the absence of Ar, output was quite low:
typical values of E/N were 0.5 x 10" 16 -0.9 x 10" 16 V-cm 2 and discharge currents ranged from 4 to 6 A/cm 2 .
The pumping mechanism operating in ehe N 2 gas mixtures is not known at this time. There are two likely possibilities: achieved by the electric discharge must be better than that in H .
Deactivation rates of common atmospheric impurities (N_, 0 9 ) are approximately a factor of ten faster for DF than for HF; therefore, impurities will be a greater problem in DF gas mixtures.
Higher purity DF and D« gases will be purchased for future work and purification methods will also be improved. -
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The effect of HF in this regard is not yet knovn. This collisional process may be important in establishing a two-temperature system to achieve a long lasting inversion on the second positive band of N».
An additional collisional process of importance is the removal of vibrational energy from the N"(X) states produced by Reaction (1) .
This may be important in establishing a two-temperature system when using the energy pooling reaction as a pumping mechanism. The N"(A) to N 9 (X) V~ population ratio can be made to be as high as the electron temperature. By making the N 2 (X) " to N (X) population ratio correspond to a vibrational temperature that is much lower than the electron temperature, the reverse of Reaction (1) can be suppressed and the ^(C) population can be built up to a level that may even exceed the N 2 (A) population.
In the overall kinetic model an electron impact pumping term is also needed for each of the electronic states. Detailed cross-section data are currently being gathered and reviewed at MSNW to include in our computer program for solving the Boltzmann equation for the electron distribution function. These pumping terms will be omitted for the present discussion of laser inversion mechanisms. The addition of SF significantly reduced the threshold for lasing, and thus the annancements could be exaggerated by operating the laser close to the threshold voltage. In the case of CC1. , the enhancement was only observable when the laser was run at low voltages close to threshold. In the case of SF,, the optimum concentration was independent of pressure for total pressures from about 4 to 20 torr. In an effort to elucidate the role of SF, in enhancing the N" 6 2 first positive laser, an attempt was made to measure a change in the discharge current and voltage. A Rogowski coil was used to monitor the current and a 1000:1 (6 "Jh 6Ü) voltage divider was used to measure the discharge voltage at several pins. However, no discernible difference could be detected with SF 6 . The discharge voltage was found to be approximately 800 V/cm corresponding to an E/N of 60 x 10~1 6 V-cm 2 .
It was possible, however, to see a change in the discharge characteristics visually. The luminous core from each pin discharge constricted noticeably when SF was added to the gas mixture.
Although the discharge voltage and current measurements did not reveal any overall differences with and without SF, , the addition of 6 SF 6 may significantly alter the electrical properties of the discharge. 1. Laser oscillation in electrically excited Ar/HF and Ar/H"/HF mixtures has been achieved using a high current, electron-beam-stabilized electric discharge. DF laser action has not been observed to date, and experiments are being planned to better purify the test gases used.
2. HF lasing has also been observed in N^/HF and Ar/N"/HF mixtures. Probe laser measurements of the HF vibrational decay rate will be made to determine the pumping mechanism in these mixtures.
3. Preliminary evidence indicates that V-V transfer is the principal pumping mechanism in Ar/H./HF mixtures. Decay rates of HF (v = 1, 2) will be measured to verify this mechanism and to obtain V-V and V-T kinetic information on the upper HF levels,
Characterization of the plasma diode electron beam source has
shown that e-beam currents of the order of 100 ma/cm 2 can be obtained.
Current density profiles of the 5-tube device need to be measured since nonuniformity is suspected. Current inhomogeneities could lead to regions of significant absorption in the optical path. Variation of the laser output with e-beam current will be studied since it is expected that more e-beam curre.it will lead to higher HF output, due to increased excitation rates. 
